INTRODUCTION
Medicare, the health insurance program for older Americans and persons with certain disabilities, is examining ways to reduce non-elective hospital readmissions because they are common, costly, and potentially preventable. Among all hospitalized Medicare beneficiaries (including community-dwelling and institutionalized elders, as well as younger disabled Medicare beneficiaries), nearly one in five were readmitted within 30 days, and over one-third were readmitted within 90 days. 1 These readmitted individuals have been described in some detail; research has identified early readmission risk factors for general 2, 3 and geriatric populations, [4] [5] [6] as well as those with specific diseases such as heart failure, 7 stroke, 8 and chronic obstructive pulmonary disease. 9 Individuals readmitted early are more likely to have multiple medical comorbidities, greater length of stay during the index hospitalization, and additional recent hospitalizations. Among hospitalized older adults, early readmission has also been associated with age greater than 80, depression, and poor patient education upon discharge. 4 Despite the increased attention to readmissions, few previous studies have examined whether early readmission predicts survival. Any hospitalization is known to increase risk of mortality in the year following discharge, 10 and other predictors of outcome after hospitalization are emerging, but the effect of early readmission on mortality remains unknown. If early readmission is an independent risk factor for mortality, understanding the causes of this worsened prognosis has significant clinical relevance, and offers the potential for additional interventions that address both patient outcomes and health care costs. For example, readmission might trigger a review of the treatment plan and goals of care. Among discharged older adults, a validated prognostic index is available that stratifies oneyear mortality risk as low, intermediate, or high 11 ; a similar assessment tool for the patients who are readmitted might help inform their care.
The purpose of this study is to evaluate the association of early hospital readmission and other potential risk factors with one-year mortality among community-dwelling hospitalized Medicare beneficiaries. We focus on communitydwelling elders because they represent a majority of Medicare beneficiaries, and because interventions for institutionalized individuals would likely differ. The factors we identify may prompt or improve interventions designed to prevent readmissions, improve quality of life, and decrease mortality.
METHODS

Study Design, Data Source, and Participants
The cohort for this longitudinal observational study was selected from participants in the Medicare Current Beneficiary Survey (MCBS) between 2001 and 2004. Sponsored by the Center for Medicare & Medicaid Services (CMS), the MCBS sample comprises a rotating panel of beneficiaries that represents the Medicare population as a whole and within age groups. Each participant is followed for up to four years with in-person interviews; the Cost and Use data set only includes the latter three years. The annual health and functional status interview is conducted in the autumn, with an overall response rate of 85-89 %. The survey covers sociodemographic, personal health, functional status, and medical care topics and is linked to Medicare claims data. A detailed description of the MCBS methods and survey questions is available from CMS. 12 We defined the baseline interview as the participant's initial Cost and Use interview. We obtained permission to use the MCBS from CMS through a Data Use Agreement and study approval from the University of Pittsburgh Institutional Review Board.
This study includes Medicare beneficiaries aged 65 or older, who were living in the community at the time of the baseline interview and were hospitalized within 365 days. We required that beneficiaries be part of the MCBS cohort for two years after the baseline interview, to ensure sufficient Medicare claims data for follow-up; mortality was assessed in the year after hospitalization. Beneficiaries in Medicare Advantage programs were excluded because their Medicare claims are not complete. Index hospitalizations were excluded if beneficiaries died in hospital or were discharged to hospice. Figure 1b . The proportion of proxy respondents in the cohort (12 %) did not differ by readmission status. Those excluded from the cohort due to missing interview data did not differ in age, race, or gender, but they were more likely to have been hospitalized (36 % vs. 16 %) and to have died (8 % vs 1 %) during the interview calendar year.
Measures
The index hospitalization was defined as the first inpatient hospital claim to occur after the baseline interview. Potential index hospitalizations were excluded if there had been a hospital discharge in the prior 30 days (n=16). The search for the index hospitalization covered a maximum of 365 days after each participant's baseline interview date; index hospitalizations had to end by December 1 of the year after the baseline interview, to allow at least 30 postdischarge days to monitor for early readmission. We combined the admissions of patients transferred to another acute care hospital (n=53) into a single hospitalization event. Early readmission was defined by the presence a hospital claim starting within 30 days of discharge from the index hospitalization. The time to readmission was calculated as the number of days from date of discharge to date of hospital readmission. One-year mortality rates were determined based on death within 365 days of the index hospitalization discharge date.
In addition to early readmission, we considered four broad categories of potential predictors of mortality: sociodemographic factors, health and functional status, medical comorbidity, and index hospitalization-related characteristics. We chose specific factors a priori, based on clinical relevance or known association with mortality. The sociodemographic factors were age, sex, minority status (selfidentification as Hispanic or non-White), living alone, education, and annual income under $25,000.
Health and functional status variables were self-rated health, recent hospitalizations prior to the baseline interview (categorized as zero, one, or two or more), activities of daily living (ADL), mobility, current tobacco use, cognitive and psychiatric symptoms, and body mass index (BMI). We defined limited self-rated health as a response of "fair" or "poor" to the question: "Compared to other people your age, would you say that your health is excellent, very good, good, fair, or poor?" Medicare claims were searched to find hospitalizations in the six months prior to the baseline interview. ADL difficulty was based on report of difficulty or inability to perform any basic ADLs (bathing, dressing, eating, transferring, walking, and toileting). Mobility difficulty was defined as difficulty walking a quarter of a mile, or difficulty with stooping, crouching, or kneeling. Cognitive symptoms were based on report of: 1) being told by a doctor about having dementia, Alzheimer's disease, or mental retardation; or 2) difficulty with memory loss, making decisions, or concentrating. Psychiatric symptoms were based on: 1) being told by a doctor about having a psychiatric or mental condition, including depression; 2) feeling sad, blue, or depressed most or all of the time; or 3) two weeks or more of lost interest or pleasure in things usually cared about or enjoyed. BMI was calculated from self-reported height and weight.
Medical comorbidities were obtained from two sources. First, self-reported physician-diagnosed chronic conditions were obtained from the baseline interview. Self-reported neurological disease included stroke, Parkinson's disease, and paralysis. Second, the secondary diagnoses from the index hospitalization were classified according to the Elixhauser classification 13 of the International Classification of Disease, Ninth Revision, Clinical Modification (ICD-9). When there was a clinically related category with no significant difference in readmission or mortality rates, Elixhauser categories with low prevalence were combined; otherwise very low prevalence (<1 %) categories were eliminated. Several conditions were assessed by both selfreport and claims; when this occurred, the two sources were combined, and the condition was considered present when indicated by either source.
Index hospitalization-related characteristics from the Medicare claims data were primary diagnosis category, length of stay, intensive care unit (ICU) admission, and post-acute care utilization. Primary diagnosis was based on the primary ICD-9 code from the hospital claim. Given the relatively low prevalence and large number of individual ICD-9 codes, we classified primary diagnoses using Clinical Classification Software (CCS), which classifies diagnoses into four heirarchical levels from Level 1 (organ system) to Level 4 (specific diagnosis).
14 Our final classification system is described in detail in the online Appendix. ICU admission was based on claims containing revenue center codes 0200-0219. Post-acute care utilization was categorized as none, home health, skilled nursing facility, and other (e.g. inpatient rehabilitation, psychiatric admission, or long-term acute care), based on claims for the post-acute services.
Statistical Analysis
To identify factors independently associated with readmission and mortality following hospitalization, we ordinalized some continuous variables (e.g. BMI), collapsed some categories within ordinal variables (e.g. self-rated health, education), and combined related chronic conditions. Use of categorical variables allows for non-linear relationships and provides interpretable odds and hazard ratios. We used multivariable logistic regression to evaluate the independent association of patient and hospitalization characteristics with 30-day readmission. We used multivariable proportional hazards models to determine the factors independently associated with time to mortality after index hospitalization. Primary results are presented as adjusted hazard ratios with 95 % confidence intervals. As sensitivity analyses, we repeated the primary analysis, excluding participants who died during their rehospitalization and comparing the effects of readmission for the same or different diagnoses on mortality. We also examined the association of readmission with oneyear mortality using multivariable logistic regression. Sampling weights were used to account for the complex multistage sample design and oversampling of particular groups, such as the oldest old. 15 All means and percentages are weighted to reflect the sample design. Analyses were conducted with SAS version 9.2 (SAS Institute Inc., Cary, NC) and SAS-callable SUDAAN, version 9.0.0 (Research Triangle Institute, Research Triangle Park, NC).
RESULTS
The study cohort is composed of 2133 MCBS beneficiaries who were age 65 or older, community-dwelling at the time of the baseline interview, and subsequently hospitalized within one year, and whose MCBS data permitted assessment of early readmission and one-year mortality. The average time from the baseline interview until index hospitalization was 166 days, which was not significantly different among beneficiaries who were or were not readmitted within 30 days (P=0.54). The early readmission rate was 13.7 % (time to readmission presented in the online Figure) . A sensitivity analysis of hospitalized MCBS beneficiaries readmitted within 60 days showed similar results (data not shown). Table 1 describes the characteristics of beneficiaries and of their index admissions by early readmission status. As expected, readmitted beneficiaries reported worse health and socioeconomic status. Factors independently associated with early readmission included: belonging to a racial or ethnic minority, having two or more hospitalizations in the 6 months prior to the baseline interview, smoking, comorbid conditions (specifically cancer, coronary artery disease, and unintentional weight loss), a primary hospital diagnosis of metastatic cancer, and discharge to a skilled nursing facility.
Among the 304 readmissions, the median (IQR) time to readmission was 11 (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) days. The most common readmission diagnoses by CCS Level 3 category were congestive heart failure, pneumonia, coronary atherosclerosis without acute myocardial infarction, cardiac dysrhythmias, and obstructive chronic bronchitis, which together accounted for 25 % of readmissions. Comparing readmission and index hospitalization diagnoses, 66 (22 %) were the same at CCS Level 3, 97 (33 %) at Level 2, and 125 (42 %) at Level 1 (the same organ system). More detail about readmission diagnoses is available in online Table 1. A total of 355 members of the cohort died within one year of index hospitalization discharge, representing an overall weighted mortality rate of 15.7 %. The one-year mortality rate for those with early readmission was 38.7 % compared to 12.1 % in those not readmitted early (p<0.001), with those readmitted having a shorter time to death (Fig. 2) . After adjustment for sociodemographic factors, health and functional status, medical comorbidity, and index hospitalization-related characteristics, early readmission was independently and strongly associated with one-year mortality [HR 2.97 (95 % CI, 2.24-3.92)]. In addition to early readmission, older age, low income, limited self-rated health, two or more prior hospitalizations, mobility difficulty, and low BMI were independently associated with mortality ( Table 2) . Comorbid conditions associated with mortality included chronic lung disease, cancer, renal failure, and weight loss. Being overweight and comorbid hypertension and arthritis were associated with a reduced risk of one-year mortality. Hospitalization characteristics associated with mortality included longer length of stay, discharge to a skilled nursing facility, and principal diagnoses of infections, cancer, acute myocardial infarction, and heart failure.
We performed several sensitivity analyses to test the robustness of our results. Of those beneficiaries readmitted within 30 days, 26 (9 %) died during their rehospitalization. Exclusion of these participants did attenuate the effect of readmission on mortality [HR (95 % CI) 2.43 (1.80-3.27)]; however, readmission remained a strong independent predictor of mortality. We chose to present the results including those who died during the rehospitalization, as formally excluding them would increase the healthy responder or survivor bias in our results. In order to determine if readmission for the same versus a different diagnosis had an impact on the mortality risk, we compared the hazard ratios for those readmitted with the same versus different diagnoses. There were no significant differences in the hazard ratios for readmission with the same versus a different diagnosis at either Level 1 (HRs 2.87 vs. 3.03, p=0.82), Level 2 (HRs 3.32 vs. 2.80, p=0.49), or Level 3 (HRs 3.10 vs. 2.92, p= 0.84). As a final sensitivity analysis, we used logistic regression to examine the relationship between readmission and one-year mortality as a dichotomous variable; the overall results were comparable to the time-to-death analysis, with readmission having an OR (95 % CI) of 4.01 (2.83 -5.69); full results of this analysis are available in Online Table 2 .
DISCUSSION
Among this nationally representative sample of communitydwelling older adults, early hospital readmission was associated with markedly increased risk of one-year mortality. This gravely increased risk persists after adjustment for multiple potential confounders, including sociodemographic factors, health and functional status, medical comorbidity, and index hospitalization-related characteristics. The independent association of early readmission with limited survival provides a marker of very high-risk patients, in whom the complex range of biopsychosocial factors that likely contribute to hospital readmission also put patients at risk for mortality. Although we do not yet know if preventing readmissions increases survival, recognizing the dire associations of early readmission should propel healthcare providers to reconsider any readmitted patient's overall prognosis and reevaluate goals of care and treatment plans. Given our findings of an association between early readmission and substantially increased one-year mortality, validation of these results in another study and potentially incorporating early readmission status into future risk indices for older adults would be appropriate. In addition to the striking predictive value of early readmission, we identified several baseline characteristics also associated with increased mortality. Our findings are consistent with other studies that found mobility difficulty measured by gait speed 16 and poor self-rated health 17 to be associated with limited survival in older adults. Similarly, our results confirm research demonstrating that in elderly cohorts, being underweight increased mortality and being overweight was protective. 18, 19 Comorbid cancer, chronic lung disease, and renal failure were also associated with higher mortality rates.
In focusing on the large group of community-dwelling elders especially relevant to clinical and policy dilemmas, we found an early readmission rate of 13.7 % in our cohort of Medicare beneficiaries that is lower than the 19.6 % 30-day readmission rate reported by Jencks et al. 1 Our lower readmission rate is likely explained by our exclusion of Medicare beneficiaries with the highest readmission rates, as well as healthy volunteer and survivor bias inherent in our cohort construction. We excluded beneficiaries younger than 65 (16 % of the MCBS participants); these younger disabled beneficiaries had a higher readmission rate (17.0 %) than community-dwelling older beneficiaries. We also excluded institutionalized Medicare beneficiaries (6 % of MCBS participants) because factors influencing their readmissions and potential interventions likely differ from adults in the community. 6 Finally, we did not exclude "elective readmissions," which are estimated to be about 10 % of hospital readmissions; these patients are probably less likely to die than those who are urgently readmitted. Healthy volunteer bias and survivor effects further reduced our cohort's early readmission rate; our study could not include persons who were too sick to enroll in the MCBS at all, who died before the baseline interview in the second year or during the index hospitalization, or who were discharged with hospice care. Although the direct implication of our findings to the individual Medicare patient requires further work, the relatively low rate of early readmissions resulting from the exclusion of so many of the sickest Medicare beneficiaries makes the strong association of early readmission with one-year mortality in this older, community-dwelling, comparatively healthier group all the more remarkable.
In the most practical terms, the association of early readmission with mortality reveals an easily identified and clinically significant opportunity to review treatment goals and plans. Hospital readmission could trigger discussions among the patient, family, and health care providers about current treatments, quality of life, need and provisions for home support, and overall goals of care in the setting of progressive or terminal disease. Research has connected some readmissions with potentially modifiable factors, 4, 6, 20 -such as lack of patient education on discharge, unmet functional needs, and poor access to care-to which physicians treating readmitted patients should devote particular attention. Several multidisciplinary discharge interventions to prevent hospital readmissions have been developed, [21] [22] [23] and our data support additional efforts oriented specifically toward the communitydwelling geriatric population. Looking beyond the scope of this study, future research should investigate potential causes of recurrent hospitalization, such as worsening medical Our study has some notable limitations. Although the baseline interview provided thorough information about beneficiaries' characteristics, we lack data about later changes in health and functional status or medical conditions. Therefore, we cannot identity risk factors related to acute problems that may have prompted either the index hospitalization or readmission. The use of administrative data to characterize the hospitalizations prevents us from determining disease severity directly, although we have included markers for disease severity such as receiving intensive care and length of stay. Additionally, our sample of readmitted patients was too small to identify risk factors for mortality specifically among readmitted patients. From a clinical perspective, proper allocation of energy and resources requires identifying those readmitted patients at highest risk for early morbidity and mortality.
In conclusion, the one-year mortality of communitydwelling older adults following early hospital readmission approaches 40 %. Early readmission is a strong and independent risk factor for early mortality after hospitalization. Above all, our findings suggest that early hospital readmission indicates extreme vulnerability among elderly patients. Heightened awareness of the association of early readmission with mortality might lead to opportunities for modifying risk factors and better evaluating overall prognosis.
